Using monofactorial and multivariate logistic regression analyses, the correlation of perioperative risk factors with postoperative pulmonary complications (PPCs) within 1 month after orthotopic liver transplantation (OLT) was investigated. Data on 107 patients (median age 46.8 years, 72% male) with end-stage liver disease who received OLT were retrospectively analysed. The incidence of PPCs was 60.7%. Overall mortality was 13.1% and pulmonary causes accounted for 85.7% of deaths. Mortality was 18.5% and 4.8% for patients with and without pulmonary complications, respectively. Independent risk factors for PPCs were a preoperative model for end-stage liver disease (MELD) score ≥ 25, intraoperative fluid transfusion volume > 10 l and intraoperative blood transfusion volume > 4 l. A fluid balance of ≤ −300 ml for ≥ 2 days of the first 3 days after surgery was protective. Other variables studied did not predict PPCs. It was concluded that improving the patient's preoperative medical condition, restricting intraoperative transfusion volumes and maintaining a negative fluid balance in the first 3 days after operation may decrease PPCs.
Introduction
Orthotopic liver transplantation (OLT) is the treatment of choice for patients with various end-stage liver diseases, but this procedure still carries considerable risks of morbidity and mortality. Respiratory complications are important contributors to postoperative morbidity and mortality in OLT recipients. During the past two decades, several studies have reported incidence rates of 63. 6 -86.7% in different series and a high mortality rate, primarily due to infections, after liver transplantation. 1 -5 Rates reported by different liver transplantation centres remain high in the 21st Century, values of 13 -70% having been reported in retrospective studies. 6 -15 Pleural effusion and pneumonia are the most common problems. 7,10 -13 In most cases, pleural effusion is clinically unimportant but pneumonia contributes to a high mortality rate, especially in the early stages after transplantation. 7,12 -14 Recently, increasing attention has been paid to perioperative risk factors for YH Lin, ZS Cai, Y Jiang et al. Risk factors for pulmonary complications after liver transplantation pulmonary complications. The risk factors for pulmonary complications reported previously in OLT recipients have included prolonged assisted mechanical ventilation, a high model for end-stage liver disease (MELD) score, increased patient age, increased intraoperative transfusion requirements, increased duration of intubation, increased hospital stay, increased volume of intraoperative bleeding, inappropriate fluid balance, haemodialysis and a history of acute rejection. 6, 7, 10, 13, 14 Some groups have conducted further investigations of the risk factors associated with postoperative pulmonary complications (PPCs), however all the risk factors have not been fully evaluated. In the present study, a retrospective analysis of PPCs in patients with various end-stage liver diseases who had undergone adult liver transplantation was performed in order to investigate the relationship between perioperative risk factors and PPCs. The goal of this study was to clarify and identify the factors that may have value as predictors of pulmonary complications after OLT.
Patients and methods

STUDY POPULATION
Patients with end-stage liver disease who received classic OLT between April 2007 and March 2009 at Fuzhou General Hospital were included in this study. All patients underwent allogeneic cadaver donor liver transplantation without venovenous bypass. The Clinical Research and Ethics Committee of Fuzong Clinical College, Fujian Medical University, approved all operations and written informed consent to operate was obtained from all patients in accordance with the Declaration of Helsinki. All patients received classic OLT and were treated with tacrolimus or ciclosporin, mycophenolate mofetil and steroids after transplantation.
Depending on the complications that occurred after OLT, patients were assigned to a group with PPCs or to a non-PPC group. Patients with obvious clinical evidence of symptomatic primary lung diseases prior to grafting and patients receiving paediatric liver transplantation, reduced-size liver transplantation, piggy-back liver transplantation, living donor liver transplantation, liver retransplantation, combined liver-kidney or simultaneous liver-pancreas-kidney transplantation were excluded from the study.
DEFINITION OF PPCS AND MELD SCORE CALCULATION
The definition of PPCs was identifiable diseases or dysfunctions of the lung that were clinically relevant and adversely affected the clinical course. 16 -18 These included complications that either prolonged the hospital stay or contributed to morbidity and mortality. Important PPCs included pneumonia, respiratory failure with prolonged mechanical ventilation, bronchospasm, atelectasis and exacerbation of underlying chronic lung disease.
The MELD score, 19, 20 used to assess the severity of liver disease, was calculated as described previously: 21 
STUDY PROCEDURE
Patients' medical records were reviewed for PPCs during the first 30 days after transplantation. The data set included demographic features, primary diagnosis, volume of intraoperative colloidal fluid used (which included fresh frozen plasma and YH Lin, ZS Cai, Y Jiang et al. Risk factors for pulmonary complications after liver transplantation cryoprecipitate), amount of intraoperative albumin used, total volume of intraoperative fluid transfused, postoperative fluid balance, intraoperative blood transfusion volume, preoperative MELD score (calculated for all patients, including those who were and were not on dialysis before transplantation), preoperative massive ascites, duration of the operation and early postoperative (≤ 30 days) mortality. The recorded respiratory complications included pulmonary atelectasis, pleural effusion, pneumonia, acute respiratory failure and pulmonary oedema. Pulmonary atelectasis and pleural effusion were diagnosed by chest X-ray or thoracic computed tomography.
Pneumonia was identified according to the criteria established by the Nosocomial Infection Surveillance Coordinating Group of the People's Republic of China Ministry of Health. 22 Culture of blood, sputum and pulmonary secretions was performed in all patients with pneumonia. When necessary, serological tests, cultures of samples collected with a protected specimen brush and cultures of bronchoalveolar lavage fluid or pleural fluid were also used to identify infectious microorganisms in patients with pneumonia. Invasive aspergillosis was diagnosed histologically. Postoperative respiratory failure was defined as mechanical ventilation for > 48 h after surgery or unexpected reintubation after postoperative extubation. 23 Pulmonary oedema was diagnosed according to radiological and clinical criteria. 24 
STATISTICAL ANALYSES
All data are presented as mean ± SD unless otherwise indicated. Student's t-test and the χ 2 -test were used to examine differences between the groups with and without pulmonary complications for continuously distributed and categorical variables, respectively. Factors with values that differed significantly or nearly significantly between the two groups were entered as independent variables in a univariate binary logistic regression analysis. All significant variables from this univariate logistic regression analysis were entered in a stepwise multivariate logistic regression analysis to identify those preoperative variables that independently predicted pulmonary complications after transplantation. The coefficient of regression β, the Wald χ 2 -value, the odds ratio (OR) and its 95% confidence interval (CI) were entered into a logistic regression analysis. All statistical analyses were performed using SPSS ® for Windows ® , version 13.0 (SPSS ® , Chicago, IL, USA). A Pvalue < 0.05 was considered statistically significant.
Results
A total of 107 OLT patients were included in this study, of whom 77 were males and 30 females; the median age of the patients was 46.8 years (range 15 -75 years). The primary indications for OLT were fulminant hepatic failure induced by chronic type B hepatitis (n = 34), cirrhosis after hepatitis B (n = 25), primary liver cancer with cirrhosis (n = 41), Wilson disease with cirrhosis (n = 3), proximal hepatic cholangiocarcinoma (n = 2) and alcoholic cirrhosis (n = 2).
Of the 107 patients, 65 (60.7%) developed a total of 124 early (i.e. occurring within 30 days after transplantation) PPCs. The types and frequencies of these complications and the microorganisms identified in the pneumonia cases are listed in Table 1 . Pleural effusion occurred in 50 (46.7%) patients (40.3% of the 124 PPCs). Most cases of pleural effusion and atelectasis were on the right side and were not clinically important, although 11 (10.3%) patients with pleural effusion required percutaneous YH Lin, ZS Cai, Y Jiang et al.
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drainage for diagnostic and therapeutic purposes. Most of the 13 (12.1%) patients who developed atelectasis did so in the immediate postoperative period and showed pleural effusion. Most of the 32 (29.9%) patients with pneumonia required transfer to the intensive care unit and had an increased need for mechanical positive-pressure ventilation. There were 18 (16.8%) cases of pulmonary oedema and this usually occurred soon after surgery or after massive fluid resuscitation associated with shock or a bleeding episode. Five of the cases of pulmonary oedema occurred in patients experiencing renal failure with hypervolaemia and they were successfully treated by haemodialysis. Among the 11 (10.3%) patients who developed acute respiratory failure this occurred secondarily to pneumonia in eight patients and secondarily to pulmonary oedema in three patients. Prolonged mechanical ventilation and tracheotomy were required in 10 (9.3%) of the patients who developed acute respiratory failure and all these patients died in the early postoperative period (within 30 days after transplantation).
Overall, there were 14 (13.1%) deaths in the early postoperative period; eight showed pneumonia accompanied by acute respiratory failure, two developed pneumonia complicated with septic shock, two had pulmonary oedema accompanied by acute respiratory failure, and the remaining two had primary non-function of the transplanted liver and intra-abdominal bleeding without PPCs. Mortality was significantly higher among the 32 patients with pneumonia than among the 33 patients with other PPCs (10 patients [31.3%] and two patients [6.1%], respectively, P = 0.009). Patients who developed PPCs had a significantly higher mortality than those without PPCs (12 patients [18.5%] and two patients [4.8%], respectively; P = 0.040).
A preoperative MELD score of ≥ 25 points was found to be significantly associated with PPCs (P < 0.05; χ 2 -test) and the statistically significant threshold for intraoperative transfusion volume was found to be 10 l (P = 0.008; χ 2 -test). Statistically significant thresholds for the volume of intraoperative blood transfusion volume and for postoperative fluid balance were 4 l (P = 0.013; χ 2 -test) and -300 ml (P = 0.032; χ 2test), respectively (data not shown).
Monofactorial analysis of 12 variables was performed between the non-PPC group and the group with PPCs. Variables that differed significantly between the two groups included preoperative MELD score ≥ 25 (P = 0.015), preoperative severe massive ascites 
(P = 0.047), intraoperative fluid transfusion volume > 10 l (P = 0.008), intraoperative blood transfusion volume > 4 l (P = 0.013) and postoperative fluid balance (P ≤ 0.032) ( Table 2) . A postoperative fluid balance of ≤ −300 ml for ≥ 1 day of the first 3 days after liver transplantation was achieved in 45 patients and they had a significantly lower frequency of PPCs than the 62 patients who did not achieve this therapeutic fluid measurement (48.9% and 69.4% respectively, P = 0.032). The frequency of PPCs in the 34 patients who achieved a fluid balance of ≤ −300 ml for ≥ 2 days of the first 3 days after transplantation was much lower than in the 73 patients who did not achieve this therapeutic fluid measurement (41.2% and 69.9%, respectively, P = 0.005). The frequency of PPCs in patients who achieved a fluid balance of ≤ −300 ml for ≥ 1 day of the first 3 days after transplantation was similar to that in patients who achieved a fluid balance of ≤ -300 ml for ≥ 2 days of the first 3 days after transplantation (48.9% of 45 and 41.2% of 34 patients, respectively; not statistically significant). Eleven patients achieved a fluid balance of ≤ -300 ml) postoperatively for only 1 day of the first 3 days.
The statistically significant variables in the monofactorial analysis were regarded as independent variables and PPCs were regarded as dependent variables. Logistic multivariate regression was performed to screen out several variables relevant to early PPCs (occurring within 1 month after 
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transplantation). The statistically significant variables found on logistic multivariate regression analysis were a preoperative MELD score ≥ 25 points, intraoperative fluid transfusion volume > 10 l, intraoperative blood transfusion volume > 4 l and postoperative fluid balance ≤ −300 ml for ≥ 2 days of the first 3 days after operation (Table  3 ).
Discussion
Pulmonary morbidity and mortality are major concerns for patients undergoing liver transplantation.
Detailed objective perioperative investigation of risk factors to identify those at high risk of developing pulmonary complications after OLT may help to decrease such complications. The main results of this study were: (i) a MELD score ≥ 25 points, an intraoperative fluid transfusion volume > 10 l and an intraoperative blood transfusion volume > 4 l were independent predictive risk factors for PPCs; (ii) a fluid balance of ≤ −300 ml for ≥ 2 days of the first 3 days after operation appeared to be a protective factor (β of −1.193); (iii) the frequency of PPCs during the first postoperative month was 60.7%; (iv) pleural effusion was the most common PPC, accounting for 40.3% of the total of 124 cases of PPC, and most cases of plural effusion and atelectasis were on the right side; and (iv) pneumonia contributed greatly to acute respiratory failure and was associated with significantly higher early postoperative mortality.
The correlation between the degree of liver failure and the efficiency of pulmonary gas exchange is well known. Patients with more severe liver disease have been reported to have lower diffusion capacities. 25, 26 In the present study, liver disease severity was assessed by the MELD score and a score of ≥ 25 was significantly associated with pulmonary 
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complications after OLT. This result is consistent with previous studies, 6, 27 however, some authors have reported that pulmonary complications depend on the patient's medical condition at the time the complications occurred rather than on the preoperative condition. 13 A possible explanation of this is that the MELD score was not originally designed for preoperative use to predict complications after OLT but, rather, for the prediction of mortality in patients undergoing transjugular intrahepatic portosystemic shunt (TIPS) or awaiting liver transplantation. 28 Another possibility is that the MELD score is unaffected by subjective parameters, such as ascites, age and transplant centre, all of which might influence the outcome in patients with chronic liver disease.
The present study included the variables, age and ascites. Age was not significant in the monofactorial analysis. Preoperative severe massive ascites was a significant factor in the monofactorial analysis but did not prove useful in predicting PPCs after logistic multivariate regression analysis. This result was dissimilar to that of the recent study by Luca et al., 29 who reported that the prediction of mortality in patients undergoing TIPS was improved by the inclusion of age and serum sodium level with the MELD score (to form the 'integrated MELD score') compared with prediction using the original MELD without age and serum sodium level. The discrepancy between the present results and those of Luca et al. 29 may be due to the small sample size in the present study. Despite this, however, the incidence of PPCs associated with age and ascites was different: there was no significant difference in age for patients with PPCs compared with those without PPCs, whereas significantly more patients with severe massive ascites experienced PPCs than did not experience PPCs. This may be explained by the fact that severe massive ascites raises the diaphragm, decreases compliance of the thorax and impairs pulmonary ventilation.
The volumes of intraoperative fluid transfused and of blood transfused were the other two independent predictors of pulmonary complications. This was expected intuitively, as intraoperative fluid overload has been shown to be associated with a high risk of PPCs and poor recovery after OLT. 14,30 -33 Several authors have found that the primary consequence of excessive transfusion during OLT was pulmonary oedema. 30 -33 The pathogenesis of pulmonary oedema includes a change in lung compliance, impairment of gas diffusion and disturbance of the balance between ventilation and blood flow, resulting in hypoxaemia, tissue hypoxia, liver graft swelling and delay in functional recovery.
Of those patients who received > 4 l of intraoperative transfused blood, the number who experienced PPCs was more than twice that in the non-PPC group. Not surprisingly, the criterion of intraoperative blood transfusion volume > 4 l was shown to be an independent predictor of PPCs on logistic multivariate regression analysis. The mechanism of transfusion-related acute lung injury may vary from patient to patient, constituting a spectrum that includes immunological and non-immunological mechanisms, or a combination of both. 32 Massicotte et al. 33 found that survival at 1 year in patients who received transfusion of > 4 units of blood was lower than that in patients who did not undergo blood transfusion. 33 In other studies, liver transplantation without intraoperative transfusion of red blood cells resulted in superior patient and graft survival. 34, 35 Early, less advanced liver disease was an important factor associated with these recipients. The patients in the present study had cirrhosis, so coagulation disorders were YH Lin, ZS Cai, Y Jiang et al. Risk factors for pulmonary complications after liver transplantation frequent, making blood loss induced by intraoperative bleeding difficult to avoid. In order to maintain haemodynamic stability, red blood cell infusion was performed rapidly in some patients and may have contributed to a poor outcome.
The amount of intraoperative albumin used, the volume of intraoperative colloid fluid transfused and the crystalloid to colloid ratio were compared between the PPC and non-PPC groups in the present study. Although albumin administration and the volume of intraoperative colloid fluid transfused were greater in the former than in the latter group, the differences between the groups were not significant and there was no difference in the crystalloid to colloid ratio. All these results were expected. For intraoperative transfusions, colloid transfer is preferred to crystalloid transfusion in clinical practice. A previous study showed that capillary leak syndrome, creating a third space effect, was common in the critically ill and recommended that albumin administration should be avoided in such patients. 36 In the present study a conscious effort was made to adjust the use of crystalloid and colloid infusions to achieve a reasonable balance.
Previous studies have shown that postoperative fluid overload is a risk factor for PPCs after liver transplantation. 2, 37 Alsous et al. 38 demonstrated that a negative fluid balance of ≤ 500 ml for ≥ 1 day of the first 3 days of septic shock was associated with fewer PPCs and better recovery. Jiang et al. 10 found that patients with a fluid balance of ≤ −500 ml for ≥ 2 days of the first 3 days after liver transplantation were less likely to have pulmonary complications than other patients. In the present study, monofactorial analysis showed that a fluid balance of ≤ −300 ml for ≥ 1 day or for ≥ 2 days of the first 3 days after transplantation was significantly correlated with fewer pulmonary complications. Patients who achieved a fluid balance of ≤ −300 ml for ≥ 1 day of the first 3 days after liver transplantation had a lower incidence of PPCs than those who did not achieve a fluid balance of ≤ −300 ml for any of the first 3 days after OLT. Patients who achieved a fluid balance of ≤ −300 ml for ≥ 2 days of the first 3 days after transplantation also had a lower incidence of PPCs than those who achieved a fluid balance of ≤ −300 ml for only 1 day of the first 3 days and those who did not achieve a fluid balance of ≤ −300 ml for any of the first 3 days after OLT. Multifactorial analysis showed that patients with a fluid balance of ≤ −300 ml for ≥ 2 days of the first 3 days postoperatively had only 30.3% of the incidence of PPCs compared with those without a negative fluid balance. A fluid balance of ≤ −300 ml for ≥ 1 day of the first 3 days postoperatively was, however, not statistically significant in the multifactorial analysis. This was a discrepant result, as the frequency of PPCs in patients who achieved a fluid balance of ≤ −300 ml for ≥ 1 day of the first 3 days after transplantation was similar to that in those who achieved a fluid balance of ≤ 300 ml for ≥ 2 days of the first 3 days after liver transplantation. A total of 11 patients achieved a negative fluid balance of ≤ 300 ml for only 1 day of the first 3 days postoperatively and these 11 patients might have contributed to the discrepant result. Prolonged positive fluid balance can hinder recovery and the first 3 days after liver transplantation is a stressful phase, during which the normal stress response to surgery involves alterations in circulating hormone concentrations with an antidiuretic response and water retention. In addition, the large doses of corticosteroids administered during the first few days after transplantation worsen water and sodium retention.
In the present study, PPCs were not hypoalbuminaemia, mechanical factors, intraoperative massive transfusion, ascites, heart failure or renal insufficiency, should not be ignored as they are potential causes of PPCs. A right-side thoracic drainage tube should be placed in every patient immediately after surgery and can be removed when the drainage volume is minimal. (iii) Whether intraoperative red blood cell transfusion is required and, if it is required, the amount to give and its timing can be estimated from blood loss. Blood loss is influenced by multiple factors, such as the preoperative condition of the patient, surgical technique, organ preservation, haemostatic disorders occurring during the operation and anaesthesiological care. As far as possible, intraoperative blood loss should be reduced. (iv) To promote good recovery, the quantity and duration of postoperative negative fluid balance (≤ −300 ml) should be estimated for each individual patient. Blood pressure, pulse, central venous pressure, haematocrit, hourly urine volume and total 24-h fluid intake and output volumes should be taken into account when deciding the fluid balance requirement for the next day. If the haemodynamics are stable, sequestered fluid from the peripheral circulation and third space should be returned back to the central circulation. (v) Sophisticated postoperative care with interdisciplinary involvement in OLT can result in a low incidence of PPCs.
In conclusion, a preoperative MELD score ≥ 25 and the volumes of intraoperative fluid and intraoperative blood transfused were found to be independent predictors of pulmonary complications after liver transplantation. A negative fluid balance on ≥ 2 days of the first 3 days after surgery protected against pulmonary complications. This study was limited by its small sample size and a large-scale prospective cohort study should be performed to confirm its conclusions.
